Fungal infection of skin is now a days one of the common dermatological problems. Mucocutaneous candidiasis refers to a heterogeneous group of diseases characterized by recurrent or persistent superficial infections of the skin, mucous membranes, nails and oropharynx with Candida organisms, usually *Candida albicans*. Fungal infections are one of the major causes of morbidity and mortality among cancer patients. Such infections, occurring especially among the surgical and high risk critically ill patients, are attributable to death rate estimated to be 38%\[[@ref1][@ref2]\]. Fluconazole (FLZ) is a bis-triazole antifungal agent used as the primary treatment option for almost all forms of *Candida* infections in both immune-competent and immune-compromised patients. Besides, treatment of mucocutaneous candidiasis with FLZ is even more effective as compared to other sites of infection\[[@ref3][@ref4]\].

Available marketed formulations of FLZ generally result into poor bioavailability due to its high volume of distribution\[[@ref5]\]. Emergence of resistance as well as recurrence of infection has been reported in 33% patients population which could possibly be due to subtherapeutic drug concentrations\[[@ref1]\]. Besides, intraoral administration results into disturbances in gastrointestinal tract (vomiting, bloating and abdominal discomfort) and causes irritation. Serious hepatotoxicity has been reported in the patients suffering from AIDS or malignancy\[[@ref6][@ref7]\]. Dose requirement of FLZ is also significantly high due to high volume of distribution (0.55-0.65 l/kg). Thus, chronic FLZ administration at high doses is undesirable for treatment of infections due to potential side effects. Therefore, to minimize these adverse effects and the risk of drug resistance and to provide localized delivery, topical therapy should be considered the first choice. However, topical delivery of FLZ with the formulation like creams, lotions and spray result into insufficient residence time, lack of accurate dosing and exhibit variability in their therapeutic performance. Such problems often create poor patient compliance and compromise the efficacy of the overall therapy.

In the present research work, we planned to design and evaluate FLZ-based bioadhesive films as a prolonged delivery vehicle for mucocutaneous candidiasis. It is expected that such a formulation approach would reduce the volume of distribution of FLZ by restricting it to the actual site of infection and thus, a significant dose reduction could be achieved. This, in turn, would reduce the incidences of dose-related side effects of FLZ. Sodium alginate (SA) was used as a bioadhesive component in polyvinyl alcohol (PVA) based films.

MATERIALS AND METHODS {#sec1-1}
=====================

FLZ was obtained as a gift sample from Gufic Bioscience Ltd., Navsari, India. Sodium alginate and glycerine were procured from S. D. Fine Chem. Ltd., Mumbai, India. Polyvinyl alcohol was purchased from Burgoyne Burbridges and Co, Mumbai, India. All other reagents and chemicals were of analytical reagent grade and double distilled water was used throughout the study.

Preparation of bioadhesive films: {#sec2-1}
---------------------------------

Bioadhesive films were prepared by solvent casting method\[[@ref8]\]. Formulation composition is shown in [Table 1](#T1){ref-type="table"}. Polymeric dispersion of SA was prepared by dissolving its required quantity in one third of the required volume of distilled water. PVA was dissolved in the other half of double distilled water by heating up to 90°. Both polymeric dispersions were mixed (Remi Instruments, India) and allowed to mix for 1 h. Finally, FLZ dissolved in a mixture of distilled water and 2% glycerine was added into prepared dispersion and allowed to mix. This mixture was kept overnight for deaeration. Then, it was casted in to petridish, which was pre-lubricated with glycerine. The dispersion was allowed to dry in hot air oven at 60-70° for 6-7 h. After drying, the film was removed by gentle peeling from the glass surface. It was cut into an appropriate size and packaged by wrapping in aluminium foil.

###### 

FORMULATION COMPOSITION OF FLZ BIOADHESIVE FILMS
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Drug excipient compatibility, differential scanning calorimetry: {#sec2-2}
----------------------------------------------------------------

DSC thermograms of FLZ and its combination with excipient were recorded (DSC Shimadzu 60, Japan) with TDA trend line software. Thermal traces were obtained by heating from 50° to 300° at a rate of 10°/min under nitrogen atmosphere (20 ml/min) in open crucibles.

Physicochemical properties of prepared films: {#sec2-3}
---------------------------------------------

Films were evaluated for the parameters like, physical appearance and surface texture; thickness was measured at three different places using a digital Vernier callipers. Folding endurance was determined by the number of times films could be folded at the same place, without breaking\[[@ref9]\]; weight uniformity was measured by weighing of 1 cm^2^ films using single pan electronic balance\[[@ref10]\]; films were tested for drug content by UV spectrophotometric method (Shimadzu UV-1800, Japan)\[[@ref11]\]; and surface pH of all films were determined by cutting films with 1 cm^2^ area which were allowed to swell for 2 h on 2% w/v agar plate. Surface pH was measured by placing the tip of glass electrode close to the surface of the film and allowing it to equilibrate for 1 min prior to recording. Mean values and standard deviation for all the parameters were calculated and reported.

Swelling index: {#sec2-4}
---------------

Swelling of polymer is essential for the relaxation and interpenetration of polymer chains. As films imbibe water, swelling and thereby bonding starts and finally adhesion occurs. Initially the bond formed remains weak but it increases with hydration. Swelling properties of films were determined by evaluating their percentage hydration\[[@ref12]\].

Film of 1 cm^2^ area was cut and weighed (W~1~) and immersed in phosphate buffer (pH 6.8) for predetermined time and was taken out and wiped off to remove excess of surface water and weighed (W~2~)\[[@ref13]\]. Swelling index was calculated using the Eqn., swelling index=(final weight-initial weight)/initial weight)×100.

*Ex vivo* residence time: {#sec2-5}
-------------------------

*Ex vivo* residence time was determined using a modified IP disintegration apparatus\[[@ref14]\]. Disintegrating medium was composed of 800 ml phosphate buffer (pH 6.8) maintained at 37° and filled in receptor compartment. Clean rat skin (3 cm long) was glued to the surface of a glass slab, vertically attached to the apparatus. The film was hydrated from one surface using phosphate buffer (pH 6.8) and then the hydrated surface was brought into contact with the skin. Glass slab was vertically fixed to the apparatus and allowed to move up and down such that the film was completely immersed in the buffer solution at the lowest point and was out at the highest point\[[@ref15]\]. Time necessary for complete erosion or detachment of the film from the skin surface was recorded. Mean and standard deviation of three such readings were reported.

Mucoadhesive strength: {#sec2-6}
----------------------

A modified balance method was used for determining the mucoadhesive strength. Cellophane membrane, previously treated with 0.1 N NaOH, was cut into pieces. Two pieces of cellophane membrane were tied to the two wooden pieces separately. One wooden piece was fixed on the sieve and other piece was tied with the balance on right hand side. The right and left wooden pieces were balanced by adding extra weight on the left hand wooden piece.

Film was placed between these pieces, and extra weight from the left pan was removed to sandwich the two pieces of cellophane membrane. Gentle pressure was applied to remove the presence of air. After allowing a contact time of 5 min, water was added at 1ml/min to the left--hand pan until the film was detached from the membrane surface. Weight of water required to detach the film from the membrane surface provided the measure of mucoadhesive strength\[[@ref16][@ref17]\]. The mucoadhesive strength was calculated by using the Eqn., force of adhesion=mucoadhesive strength (g)×9.81/1000.

*In vitro* drug release: {#sec2-7}
------------------------

Determination of drug release rates from different film formulation was carried out using a diffusion cell. Complete media replacement method was used to maintain sink condition throughout the study period\[[@ref18]\]. Egg shell membrane previously soaked for 24 h in phosphate buffer (pH 6.8) was stretched around one end of the tube. Donor compartment was assembled into a glass beaker (receptor compartment) with the membrane just touching the receptor medium. One cm^2^ film was introduced into the donor tube\[[@ref19]\]. Receptor compartment contained 10 ml phosphate buffer (pH 6.8), which was thermostatically adjusted to 37±0.5° and stirred at 50 rpm. Dissolution media was replaced with fresh buffer medium at every specific predetermined time interval. Drug was analyzed spectrophotometrically using a UV spectrophotometer (Shimadzu 1800, Japan) at 261 nm. Cumulative percent of drug released was plotted against time for the different film formulations.

Scanning electron microscopy: {#sec2-8}
-----------------------------

Morphological structure of bioadhesive films was studied by SEM analysis. The dry films were gold coated to about 5 μm thickness using an IB-2 coater unit under a high vacuum\[[@ref20]\]. After that, films were examined using SEM (JSM-5610 LV).

Accelerated stability study: {#sec2-9}
----------------------------

Stability studies were done as per ICH guidelines. The formulated films were wrapped in aluminium foil and stored at 40±0.5° and 75±5% relative humidity for period of three months. After the period of three months, films were tested for their physico-chemical and *in vitro* release characteristics\[[@ref21]\].

RESULTS AND DISCUSSION {#sec1-2}
======================

DSC thermograms revealed a sharp characteristic, endothermic melting peak of FLZ at 136.35° ([fig. 1a](#F1){ref-type="fig"}), which was indicative of the pure state of the drug. Recrystallized forms of FLZ showed an additional endothermic peak at 102.30° which could be due to effect of bound solvent used during recrystallization. Certain amount of solvent remains as bound solvent within the crystal lattice which cannot be removed through normal drying procedure. In case of physical mixtures of drug and polymer (SA and PVA) a sharp endothermic peak of the drug was observed at the melting temperature 140.60° ([fig. 1b](#F1){ref-type="fig"}). These results demonstrated that FLZ did not interact with the chosen additives\[[@ref22]\].

![DSC thermograms of FLZ and physical mixture of FLZ and polymers.\
Differential scanning calorimetry (DSC) thermograms of (a) pure fluconazole (FLZ) and (b) physical mixture of fluconazole and polymers.](IJPhS-77-55-g002){#F1}

Physical observation revealed that the films possessed smooth surface. They were transparent and elegant in appearance. Thickness of films ranged from 0.093±0.006 to 0.147±0.006 mm. Folding endurance was found optimum and the films exhibited good physical and mechanical properties. Weight of the film was in the range of 15.000±0.577 to 19.333±0.577 mg. Drug content was found to be in the range of 87.025%±3.072 to 102.775±3.929% suggesting that drug was uniformly dispersed throughout all prepared films. Significantly lower drug content was observed in the batches F6 and F7. Besides, they exhibited higher amount of surface-bound drug. This highlighted the fact that appropriate proportion of sodium alginate (more than 0.5% w/v) was essential into the films in order to contain the entire dose. Except batches F2 and F7, pH values were found to be close to 7. Films composed of solely PVA exhibited significantly lower pH. This could be attributed to the residual effects of acidic functional groups. So, it is expected that films will not cause any irritation upon their application. The results of all parameters have been given in [Table 2](#T2){ref-type="table"}. The standard deviation value calculated for all parameters is less which suggests that the results are reproducible and reflects the appropriateness of the method used to prepare the films.

###### 

EVALUATION OF BIOADHESIVE FILMS OF FLZ
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The degree of swelling of bioadhesive polymers is an important factor affecting adhesion. Adhesion occurs shortly after the beginning of swelling but the bond formed is not very strong\[[@ref12]\]. Uptake of water results in relaxation of the originally stretched or entangled polymer chains. Consequently, bioadhesive sites within the polymer are exposed. Faster is the swelling of the polymer, faster is the initiation of diffusion and formation of adhesive bonds. In our study, the focus has been to achieve a quick rate of hydration with optimized swelling characteristics. An optimum combination of PVA and SA was selected to ensure a proper balance of hydration, swelling and mucoadhesive strength.

Maximum swelling was observed with the formulation F1 containing 3% SA (*P*\<0.05, [fig. 2](#F2){ref-type="fig"}). This may be due to high swelling nature of SA. Lowest swelling was observed with the formulation F7 containing 3% PVA (*P*\<0.05; one way ANOVA). Initially swelling index of film increased but after certain time point swelling index decreased which could be due to dissolution of films in media. As a general trend, it was observed that as the concentration of SA increased, swelling index increased. Further, swelling index decreased with increase in PVA concentration.
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The small swelling capacity of PVA film may be due to the crystalline nature of PVA which could possibly have decreased its hydration and subsequently, swelling rate. Addition of SA (bioadhesive polymer) greatly increased the swelling capacity of formulated films. Addition of SA initially increased the swelling, which led to arrival of a state of equilibrium. This was followed with a decrease in the swelling capacity. So, it was concluded that as the concentration of PVA increased in the films, their swelling capacity decreased.

*Ex vivo* residence time of all formulation batches was found to be in the range of 286.667±6.506 to 469.667±4.509 h and no significant difference was observed among various batches (*P*\>0.05; one way ANOVA, [Table 3](#T3){ref-type="table"}). Batch F1 containing 3% SA showed highest residence time as compared to all other formulations due to its bioadhesive nature but it did not differ significantly. Films composed of 3% PVA showed lowest value of residence time. So, it was concluded that as the concentration of SA increased, *ex vivo* residence time of films also increased. Besides, *ex vivo* residence time decreased with increase in the concentration of PVA.

###### 

*EX VIVO* RESIDENCE TIME AND MUCOADHESIVE STRENGTH OF ALL FILMS
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Mucoadhesive strength was found to be dependent on the polymer concentration ([Table 3](#T3){ref-type="table"}). For all the batches, it was found to be in the range of 0.185±0.011 to 0.376±0.016 N. It can be concluded that as the concentration of SA increased in the film, higher force was required to detach film from rat skin. As the concentration of PVA increased, mucoadhesive strength decreased. Maximum mucoadhesive strength was found to be with the formulation containing almost equal proportion of polymers and this value remained significantly higher as compared to other batches (*P*\<0.05; one way ANOVA). Batches prepared from 3% PVA alone showed significantly lowest value of mucoadhesive strength as compared to other formulation batches (*P*\<0.05; one way ANOVA).

From the results, it was found that the drug release was dependent on the concentration of PVA and also on the viscosity of polymeric solution ([fig. 3](#F3){ref-type="fig"}). With increase in PVA concentration, the drug release through films was decreased which may be due to the formation of dense network of the polymer. This in turn decreases the drug release rate from the film. Films composed of higher proportion of SA resulted into faster drug release which could be due to higher swelling and erosion tendency of the polymer.
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F1 and F2 batches showed complete drug release within 4 h due to the high concentration of SA. While F3 batch showed fairly controlled release rate which lasted up to 6 h. This might have happened due to decrease in the proportion of SA and increase in the proportion of PVA. From batch F4 to F7, the drug release was extended up to 8 h. F7 batch was prepared with 3% PVA. So drug release was found to be 86.20% within 8 h (*P*\<0.05). So, it was concluded that due to PVA there was an extended drug release from the formulation.

To ascertain the drug release mechanism of the formulations, *in vitro* drug release data were subjected to kinetic analysis\[[@ref23]\]. The data was plotted as Higuchi diffusion plots by taking cumulative percent drug release versus square root of time. The plots were found to be fairly linear and it was well supported by their regression coefficient values ([Table 4](#T4){ref-type="table"}). The formulations were tested for Peppas exponential plots by taking log percentage drug release versus log time. The correlation coefficient values (r^2^) indicated that the kinetics of drug release followed Higuchi model. The mechanism of drug release by Peppas model indicated non-Fickian transport.

###### 

KINETIC DATA ANALYSIS OF FLZ BIOADHESIVE FILM
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SEM analysis of the optimized batch was carried out using SEM (JSM-5610 LV). SEM micrograph indicated uniform dispersion of drug with polymer dispersion ([fig. 4](#F4){ref-type="fig"}). Formulation appeared to be smooth with no roughness on its surface. This is conducive in terms of offering better appearance and therefore, patient acceptability.

![Scanning electron microscopic image of optimized formulation F5.](IJPhS-77-55-g008){#F4}

Sample kept in stability chamber was evaluated for surface pH, drug content, swelling study and *in vitro* drug release. Surface pH was found to be nearly neutral. Percent drug content was found to be 94.858±1.422%. Force of adhesion was found to be 0.278±0.025 N, drug release was found to be 90.78±2.97% within 8 h and it followed Higuchi model. No significant changes were observed in the formulation for any of the parameters which were tested. So, it was concluded from the study that prepared formulations were stable under accelerated storage conditions.

In conclusion, bioadhesive films of FLZ were developed to overcome the problems of high dose requirement of FLZ which is primarily due to its high volume of distribution and first pass metabolism. Results showed that prepared films were uniform in weight and thickness. Optimized formulation (F5) exhibited no significant change in its characteristics under accelerated stability conditions. From the present research work, it can be concluded that bioadhesive films are one of the better alternatives to be considered for administration of FLZ with a low dosage requirement.
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